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Abstract
The fluorescence of Merocyanine 540 (MC 540) is sensitive to the molecular packing of membrane lipids. Therefore, the
fluorescence of MC 540 is expected to be sensitive to the curvature-related packing stress at the onset of the lamellar-
hexagonal phase transition. We measured the fluorescence intensity of MC 540 when the temperatures of lipid bilayers
approached their lamellar-hexagonal phase transitions. The fluorescence of MC 540 in the presence of egg and
dioleoylphosphatidylethanolamine bilayers increased at the respective lamellar-hexagonal phase transitions of these lipids.
Furthermore, increases in fluorescence intensity were also observed at temperatures just below their phase transitions. The
enhanced fluorescence was not due to the specific interaction of the dye with the ethanolamine headgroup, because no such
increase was observed when the probe was exposed to phosphatidylethanolamines which do not form hexagonal phase within
the range of applied temperature. In addition, when the temperature of the lamellar-hexagonal phase transition was shifted,
by the addition of a small amount of phosphatidylcholine, the dependence of the fluorescence intensity on temperature was
modified accordingly. We postulate that the change of MC 540 fluorescence intensity at temperatures approaching the
lamellar-hexagonal phase transition reflects changes in the partition of MC 540 into the fluid lipid phase. The change in
partition is influenced by the curvature stress in bilayers at temperatures just below the lamellar-hexagonal phase
transition. ß 1999 Elsevier Science B.V. All rights reserved.
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1. Introduction
Biological membranes commonly contain lipids
which alone do not self-assemble in a bilayer form
under physiological conditions. These lipids, when
dispersed in water, form high curvature structures
such as the inverted cubic phase or the inverted hex-
agonal phase [1,2]. Certain biological membranes
contain a large portion of these ‘unstable’ lipids. In
addition, the lipid composition of this ‘unstable’ frac-
tion varies from membrane to membrane. It has been
postulated that the physical properties of these lipids,
in addition to their chemical nature, are important
factors in ful¢lling their physiological functions [3,4].
There have been many studies of the lamellar-hex-
agonal phase transition of these lipids [3^5]. It has
been argued that the spontaneous shape of a lipid
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molecule in an interfacial environment plays an im-
portant role in determining the lamellar-hexagonal
phase transition. Lipids with a small volume of the
headgroup, as compared to the volume of the hydro-
phobic part, are more prone to form inverted hexag-
onal or cubic phases [6]. A large body of experimen-
tal data was given to support this model [3,7,8]. The
gradual buildup of curvature stress near the lamellar-
hexagonal phase transition is expected to produce
strain and/or structural defects [4,8]. The buildup of
membrane stress prior the lamellar-hexagonal phase
transition modi¢es many enzymatic activities [3,9^
11]. Changes caused by stress in the lipid bilayer
might also alter the membrane morphology and in-
creased ion permeability [12].
To study the putative pre-transitional packing
stress, we apply a £uorescence probe, Merocyanine
540 (MC 540) which has well-de¢ned £uorescence
properties. The £uorescence of MC 540 depends on
the polarity of the environment [13]; therefore, the
partition of the dye into a lipid bilayer is easily de-
tectable. When the probe is in the lipid environment,
its emission maximum is red-shifted and the quan-
tum e⁄ciency enhanced. Several experiments have
shown that the surface binding and £uorescence of
MC 540 depend on the molecular packing of the
lipid bilayer. Lelkes and Miller showed that the op-
tical density of MC 540 increases in the presence of
lipid vesicles at the £uid-gel phase transition [14,15].
Later, Williamson and coworkers observed that the
£uorescence of MC 540 increases in the presence of
£uid and loosely packed membranes when compared
to that in water and in the presence of lipid vesicles
in the gel phase [16]. MC 540 has been used to report
changes of molecular packing upon the addition of
cholesterol into phospholipid bilayers, as well as in
bilayers under osmotic tension [17]. These ¢ndings
are con¢rmed by studies on monolayers where the
molecular packing is correlated to the £uorescence
of MC 540 [18]. The e¡ect of the molecular packing
on the £uorescence of MC 540 is best illustrated
when the membrane experiences the gel-£uid phase
transition, where the £uorescence of the dye increases
in the step-like fashion [19]. The absence of a £uo-
rescence maximum at the main phase transition sug-
gests that the £uorescence of MC 540 is not signi¢-
cantly in£uenced by domain boundaries in the lipid
bilayer. In this paper we used MC 540 as a probe of
molecular packing in phosphatidylethanolamine
membranes approaching the lamellar-hexagonal
phase transition.
2. Materials and methods
2.1. Chemicals
Phosphatidylethanolamine, transesteri¢ed from
egg phosphatidylcholine (TPE), dioleoylphosphati-
dylethanolamine (DOPE) and dioleoylphosphatidyl-
choline (DOPC) were obtained from Avanti Polar
Lipids (Alabaster, AL). 1-Palmitoyl,2-caprioylphos-
phatidylethanolamine was a gift from Dr. Ching-
Hsien Huang (University of Virginia). MC 540 and
N-(7-nitrobenz-2-oxa-1,3-diazol-4-yl)dipalmitoyl-L-K-
phosphatidylethanolamine (NBD-PE) were pur-
chased from Molecular Probes (Eugene, OR). So-
dium dithionite and other chemicals were from Sig-
ma (St. Louis, MO).
2.2. Preparation of vesicles
Lipids mixed in chloroform were evaporated to
dryness, resuspended in the 0.1 M KCl, 4 mM
HIS/TES bu¡er at pH 7.4, and vortexed. NBD-PE
was added to lipids in chloroform before evapora-
tion. The vesicle suspension was passed ten times
through a 0.2 Wm cellulose ¢lter (Costar, CA) to
obtain a uniform size vesicle population. The size
of vesicles was determined using the dynamic light
scattering method (Submicron Particle Sizer, Model
370, NICOMP, Santa Barbara, CA). Vesicle sizes
vary from 0.175 Wm to 0.198 Wm according to com-
position, and standard deviation never exceeded
0.007 Wm. All steps were performed on ice to prevent
the formation of the hexagonal phase. A small vol-
ume of vesicles from the stock solution was added to
the preincubated cuvette with bu¡er solution before
the £uorescence was measured.
2.3. The £uorescence of MC 540
The £uorescence intensity was measured on an
SLM 8000 £uorimeter with an excitation and an
emission wavelength at 540 nm and 585 nm respec-
tively. MC 540 was added to the vesicle suspension
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from the ethanol stock solution. The ethanol concen-
tration in the sample never exceeded 0.5% by vol-
ume. The £uorescence was measured after its inten-
sity stabilized. The £uorescence intensity was
measured for at least ¢ve MC 540 concentrations.
The concentration of MC 540 was within the range
of linear relation between £uorescence intensity and
the concentration of the dye. The increase of £uores-
cence with the concentration of MC 540 was calcu-
lated using the least squares method. All data pre-
sented in this paper are slopes of a £uorescence
increment versus dye concentration. The concentra-
tion of MC 540 in the sample never exceeded 0.1 Wg/
ml. Data used in calculations have been corrected for
inner ¢lter e¡ect and light scattering [20]. Calculated
corrections never exceeded 5% of measured values.
The correction for the temperature e¡ect on the
£uorescence of the dye was applied according to
the procedure described previously [19]. In short,
the £uorescence of MC 540 was measured in ethanol
within the applicable temperature range and used as
a reference curve. Then the £uorescence of MC 540
in the presence of lipids was divided by the £uores-
cence intensity obtained from the reference curve.
2.4. Measurements of the membrane permeability
As we have shown previously, defects in the lipid
bilayer facilitate the penetration of dithionite
through the hydrophobic core of the membrane
[12]. Consequently, the slow decrease of the £uores-
cence of NBD-PE after addition of dithionite can be
used as a measure of defects in the lipid bilayer. A
small volume of dithionite (30 Wl) was added to
vesicle suspension (3 ml) from 1 M stock solution
[12,21]. The £uorescence intensity of NBD-PE was
measured continuously before and after the addition
of dithionite (excitation and emission wavelengths
were 465 nm and 535 nm respectively). The £uores-
cence intensity was normalized to its initial value.
Slopes presented in Fig. 6 were calculated from the
plot of the logarithm of the £uorescence intensity
versus time using the least squares method.
2.5. X-Ray di¡raction
Small angle X-ray di¡raction was used to deter-
mine the phase transition of lipid samples [22]. Lipid
samples in 1.5 mm diameter thin-wall glass tubes
(Charles Supper, Natick, MA) were placed in a ther-
mostat holder of a Frank-type camera. Small angle
di¡raction patterns were collected by a position sen-
sitive wire detector (Tennelec, Oak Ridge, TN) at
various temperatures. The X-ray beam was generated
by a Rigaku RU-200B rotating anode generator.
3. Results
As shown previously [12^17], the £uorescence in-
tensity of MC 540 in the presence of £uid and loosely
packed membranes is substantially higher then that
in the presence of well-organized (gel phase) bilayers.
We made use of the dye sensitivity to lipid packing,
to measure the changes in a bilayer as it approaches
the lamellar-hexagonal phase transition.
The dependence of the £uorescence intensity of
MC 540 on temperature, in the presence of TPE
vesicles, is shown in Fig. 1. The lamellar-hexagonal
phase transition for TPE was listed to be at 55^65‡C
[23]. When TPE vesicles are incubated in the bu¡er
at pH 7.4 the £uorescence intensity of MC 540
Fig. 1. Fluorescence intensity of MC 540 in the presence of
egg-PE vesicles as a function of temperature.
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reaches a maximum at about 20‡C. Above that tem-
perature the £uorescence falls continuously until it
increases again at about 60‡C. The temperature of
the second increase coincides with the lamellar-hex-
agonal phase transition, as determined using X-ray
di¡raction measurements (60^65‡C). The £uores-
cence and X-ray di¡raction were measured using
the same batch of TPE.
We have shown previously that the £uorescence
e⁄ciency of MC 540 depends on temperature, and
decreases when temperature rises [19]. Therefore, the
£uorescence of the dye shown in Fig. 1 is a¡ected by
both: the temperature and the changing lipid molec-
ular packing. To separate these two e¡ects, the £uo-
rescence intensity of MC 540 was corrected for tem-
perature as described previously [19]. The corrected
£uorescence intensity of MC 540 in the presence of
TPE vesicles is shown in Fig. 2. The intensity in-
creases continuously below 20‡C. Above 20‡C the
£uorescence intensity remains constant until the tem-
perature of the lamellar-hexagonal phase transition is
reached when the £uorescence rises again.
The enhanced £uorescence of MC 540 suggests
decreased organization of lipids [16] and/or increased
membrane surface area available for the binding of
the dye. The gel-£uid phase transition temperature of
TPE is well below 0‡C. Therefore, this increase is not
related to the gel-£uid phase transition. Data in Fig.
2 indicate that TPE bilayers become increasingly ‘£u-
id’ until 20‡C. Above this temperature, no further
changes are detected. The changes below the onset
of the lamellar-hexagonal phase transition are be-
lieved to be a result of the buildup of curvature stress
within the lipid bilayer [4]. When the temperature
reaches the lamellar-hexagonal phase transition, the
£uorescence increases again in a step-like fashion,
indicating that there is a major molecular reorgan-
ization.
The elevated level of stress within the lipid matrix
at the onset of the lamellar-hexagonal phase transi-
tion is likely to cause the formation of defects and
may increase the permeability to ions through the
lipid bilayer. Fig. 3 shows the temperature depend-
ence of permeability of TPE vesicles to dithionite
ions. The permeability is given as the decrease of
Fig. 2. Fluorescence intensity of MC 540 in the presence of
egg-PE vesicles (Fig. 1) after correction for the temperature ef-
fect as described in Section 2.
Fig. 3. Permeability of egg-PE to dithionite as a function of
temperature. The permeability is measured as a slope of the
logarithm of the £uorescence intensity of NBD-PE versus time.
BBAMEM 77493 30-12-98
M. Langner, S.W. Hui / Biochimica et Biophysica Acta 1415 (1999) 323^330326
£uorescence intensity of NBD-PE at the inner sur-
face of PE vesicles, due to the irreversible degrada-
tion of NBD by dithionite ions that have passed
through the vesicle walls [12]. The permeability in-
creases with temperature and reaches a maximum
near the lamellar-hexagonal phase transition. Above
the phase transition, open hexagonal structures are
accessible to the dithionite from the aqueous phase
and permeability measurements are meaningless.
This result shows that the number of defects acting
as permeation sites in the lipid bilayer is large when
the temperature is close to that of the lamellar-hex-
agonal phase transition.
Fig. 4 shows the corrected £uorescence of MC 540
in the presence of DOPE vesicles. This phosphatidyl-
ethanolamine has the lamellar-hexagonal phase tran-
sition at about 10‡C [23] whereas the gel-£uid phase
transition temperature is again below 0‡C. The
changes of the £uorescence intensity are similar in
character to that obtained in the presence of TPE
vesicles. The £uorescence increases until about 7‡C,
stabilizes and rises again at the temperature of the
lamellar-hexagonal phase transition (10‡C).
When vesicles are formed from the mixture of
these unsaturated phosphatidylethanolamines with
lipids that ‘stabilize’ the lamellar structure, the tem-
perature of the lamellar-hexagonal phase transition is
expected to rise [7]. We studied the £uorescence of
MC 540 in the presence of vesicles formed from the
mixture of DOPE with 5 mol% DOPC (Fig. 5). Only
a single increase of the £uorescence of MC 540 is
observed within the temperature range from 10‡C
to 30‡C. Measurements of the £uorescence intensity
at higher temperatures (s 50‡C), are not practical
due to the rapid decrease of the quantum e⁄ciency
of the dye.
Finally the £uorescence of MC 540 in the presence
of vesicles formed from 1-palmitoyl,2-caprioyl-phos-
phatidylethanolamine PE(C10,C18) was measured.
This phosphatidylethanolamine does not experience
a lamellar-hexagonal phase transition within the ap-
plied temperature range. The £uorescence intensity
decreases with temperature in a way that is similar
to that observed for phosphatidylcholine membranes
[19]. The temperature corrected £uorescence intensity
of this PE is shown in Fig. 6. There is no change in
the corrected £uorescence throughout the whole
range of temperatures.
Fig. 4. Temperature-corrected £uorescence intensity of MC 540
in the presence of DOPE vesicles.
Fig. 5. Temperature-corrected £uorescence intensity of MC 540
in the presence of vesicles formed from the mixture of DOPE
and 5 mol% DOPC.
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4. Discussion
The interaction of MC 540 with lipid membranes
has been a subject of extensive studies. Initially MC
540 was used as a potential sensitive dye [24]. Later it
was established that £uorescence intensity of the dye
depends also on the molecular packing of lipids in
bilayers [16]. For example, during the main phase
transition, the rise of the £uorescence re£ects changes
in the molecular packing of lipids [16,19]. It has been
established that MC 540 binds to the bilayer surface
and does not penetrate deeper than the glycerol level
[14,15,25,26]. Consequently, the probe may be used
as a molecular packing reporter located near the lip-
id-water interface. We have shown that the increased
£uorescence of the dye in the presence of vesicles
above their main phase transition re£ects enhanced
partitioning of MC 540 into the £uid bilayer [19].
The enhanced partitioning is not a result of changes
in the vesicle morphology. During the main phase
transition, the continuity of the bilayer is preserved
and the total amount of the membrane surface area
accessible to the £uorophore does not change as
much as that during the lamellar-hexagonal transi-
tion.
The lamellar-hexagonal transition is determined by
the curvature stress in monolayer lea£ets of a bilayer.
Curvature stress builds up when the lipid molecules
are packed in an assembly form that is di¡erent from
their lowest energy form of assembly (i.e., spontane-
ous curvature) [8]. A considerable percentage of cell
membrane lipids, such as unsaturated PE, have non-
planar spontaneous curvatures at physiological tem-
perature [4]. Raising the temperature in a monolayer
lea£et containing such lipids would increase the cur-
vature stress, and would eventually reach the energy
threshold for the lamellar-hexagonal transition. At
temperatures just below the transition, the curvature
stress of the bilayer is near its maximum, and the
bilayer is unstable. Several biomembrane functions
have been related to the curvature stress in their lipid
bilayers [4,27]. This is the state which is said to be
preferred by many organisms for their optimal mem-
brane activities [28]. Detecting this pre-transition
packing stress is, therefore, more important than de-
tecting the transition itself.
Changes in the molecular packing of lipids in the
bilayer at and prior to the lamellar-hexagonal phase
transition have been measured previously in a num-
ber of studies using a variety of techniques. For ex-
ample, Hong and coworkers have shown that the
£uorescence of N-(7-nitro-2,1,3-benzoxadiazol-4-yl)-
phosphatidylethanolamine (NBD-PE) increases at
the lamellar-hexagonal phase transition [29]. The £u-
orescence moiety of NBD-PE is located at the mem-
brane surface. Therefore, the enhanced £uorescence
re£ects changes taking place at the water-lipid inter-
face such as the hydration of the lipid or the degree
of hydrogen bonding of the headgroup.
Changes in the properties of bilayers prior to the
lamellar-hexagonal phase transition were measured
by Epand and Leon [30]. They showed that the £uo-
rescence of N-densyl-L-Lys located in the lipid bi-
layer changes with the approaching of hexagonal
phase transition. A similar e¡ect was observed with
other £uorescent probe, laurdan (6-dodecanoyl-2-(di-
methylamino)naphthalene). Both probes are sensitive
to changes taking place close to the water-lipid inter-
face.
The increase of £uorescence intensity of MC 540
at the lamellar-hexagonal phase transition indicates a
Fig. 6. Temperature-corrected £uorescence intensity of MC 540
in the presence of C16,C10-PE vesicles as a function of temper-
ature.
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drastic change in the membrane morphology. This
increase was observed in the presence of egg-PE or
DOPE vesicles at temperatures where the respective
phase transition occurred. The rise of the £uores-
cence intensity of MC 540 at the lamellar-hexagonal
phase transition is likely to be caused by topological
changes and/or alterations of molecular packing at
the membrane surface. The formation of the hexag-
onal phase would increase the number of lipid head-
groups able to interact with MC 540 from the aque-
ous phase. Changes of the surface properties caused
by the modi¢cation of molecular packing are also
expected at the lamellar-hexagonal phase transition
[31].
More interestingly, the corrected £uorescence of
MC 540 at temperatures below the lamellar-hexago-
nal phase transition was also found to increase with
temperature, up to a point below the lamellar-hexag-
onal transition. This alteration of the £uorescence is
likely to be a result of changes in the dye binding to
the bilayer surface as a consequence of the building-
up of curvature stress. We did not observe any traces
of hexagonal phase structure at these temperature
ranges by X-ray di¡raction, nor was there any ob-
servation by electron microscopy at temperatures
that the £uorescence of MC 540 increased with tem-
perature. Therefore, the basic bilayer structure had
not been compromised, and the bilayer surface ex-
posed to the dye in the aqueous phase was not ex-
pected to change signi¢cantly. The rising £uorescence
is believed to indicate the decrease of molecular
packing order, to the extent that a¡ects the dye bind-
ing to the bilayer surface. The changes in the lipid
molecular packing only occur at temperatures not far
below the lamellar-hexagonal phase transition. The
bilayer formed from PE(C18;C10) and phosphatidyl-
choline [19] did not show the enhanced binding of
MC 540.
Alterations of the bilayer properties, such as per-
meability or the presence of defects, at temperatures
just below the lamellar-hexagonal phase transition,
are caused by changes in the molecular packing lipid
bilayer, and culminate in the formation of the reverse
hexagonal phase. Increasing membrane permeability
to dithionite indicates that defects similar to these at
the domain boundary [12] are formed throughout the
lipid bilayer. As the temperature approaches the la-
mellar-hexagonal transition, morphological changes
in lipids in the form of non-bilayer structures have
been observed. Small lipidic particles form in phos-
phatidylethanolamine lipid bilayers at temperatures
preceding the lamellar-hexagonal phase transition
[22,32^34]. As these non-bilayer structures form,
the curvature stress relaxes, resulting in the cessation
of the increase in £uorescence intensity with temper-
ature just below the lamellar-hexagonal transition.
Our knowledge of the nature of interaction between
MC 540 and lipids suggests that such £uorescence
changes are caused by the modi¢cation of the dye-
bilayer interaction in the headgroup region of the
bilayer. Epand and Leon [30] have made similar ob-
servations.
In summary, MC 540 reports the lamellar-hexag-
onal phase transition in the same manner as the gel-
£uid phase transition. In addition, with £uid bilayers,
the £uorescence of the dye changes at temperatures
below the lamellar-hexagonal transition, indicating
the building up of curvature stress. It provides a
convenient way to detect this elusive membrane
property.
Acknowledgements
We would like to thank Karol Langner for help in
the preparation of the manuscript. This work was
supported by grants GM 28120 and GM 30969
(both to SWH) from the National Institute of
Health.
References
[1] A.J. Verkleij, Biochim. Biophys. Acta 779 (1984) 43^63.
[2] S.W. Hui, T.P. Stewart, L.T. Boni, Chem. Phys. Lipids 33
(1983) 113^126.
[3] R.B. Gennis, Biomembranes: Molecular Structure and
Function, Springer-Verlag, Berlin, 1989.
[4] S.W. Hui, A. Sen, Proc. Natl. Acad. Sci. USA 86 (1989)
5825^5829.
[5] G.L. Krik, S.M. Gruner, D.L. Stein, Biochemistry 23 (1984)
1093^1102.
[6] J.N. Isrealachvili, D.J. Mitchell, B.W. Ninham, J. Chem.
Soc. Faraday Trans. 2 72 (1976) 1525^1568.
[7] R.M. Epand, A.R. Sta¡ord, J.J. Cheetham, R. Bottega, E.H.
Ball, Biosci. Rep. 8 (1988) 49^54.
[8] S.M. Gruner, Proc. Natl. Acad. Sci. USA 82 (1985) 3665^
3669.
BBAMEM 77493 30-12-98
M. Langner, S.W. Hui / Biochimica et Biophysica Acta 1415 (1999) 323^330 329
[9] P.L. Yeagle, FASEB J. 3 (1989) 1833^1842.
[10] A. Sen, T.V. Isac, S.W. Hui, Biochemistry 30 (1991) 4516^
4521.
[11] R.M. Epand, Biochem. Chem. Biol. 68 (1990) 17^23.
[12] M. Langner, S.W. Hui, Chem. Phys. Lipids 65 (1993) 23^30.
[13] N.S. Dixit, R.A. Mackay, J. Am. Chem. Soc. 105 (1983)
2929^2931.
[14] P.I. Lelkes, I.R. Miller, J. Membr. Biol. 52 (1980) 1^15.
[15] P.I. Lelkes, D. Bach, I.R. Miller, J. Membr. Biol. 54 (1980)
141^148.
[16] P. Williamson, K. Mattocks, R.A. Schlegel, Biochim. Bio-
phys. Acta 732 (1983) 387^393.
[17] E.A. Disalvo, A.M. Campos, E. Abuin, E.A. Lissi, Chem.
Phys. Lipids 84 (1996) 35^45.
[18] H. Yu, S.W. Hui, Biochim. Biophys. Acta 1107 (1992) 245^
254.
[19] M. Langner, S.W. Hui, Biochim. Biophys. Acta 1149 (1993)
175^179.
[20] J.R. Lakowicz, Principles of Fluorecence Spectroscopy, Ple-
num Press, New York, 1983.
[21] J.C. McIntyre, R.G. Sleight, Biochemistry 30 (1991) 11819^
11827.
[22] L.T. Boni, S.W. Hui, Biochim. Biophys. Acta 731 (1983)
177^185.
[23] D. Marsh, Handbook of Lipid Bilayers, CRC Press, Boca
Raton, FL, 1990.
[24] P.R. Dragsten, W.W. Webb, Biochemistry 17 (1978) 5228^
5240.
[25] B.E. Wolf, A.S. Waggoner, in: Optical Methods in Cell
Physiology, John Wiley and Sons, New York, 1986, pp.
101^113.
[26] E.B. George, P. Nyirjesy, L.A. Basson, L.A. Ernst, P.R.
Pratap, J. Membr. Biol. 103 (1988) 245^253.
[27] S.W. Hui, in: R.M. Epand (Ed.), Lipids Polymorphism and
Membrane Properties, Academic Press, New York, 1997, pp.
541^563.
[28] R.N. McElhaney, Crit. Rev. Microbiol. 17 (1989) 1^32.
[29] K. Hong, P.A. Baldwin, T.M. Allen, D. Papahadjopoulos,
Biochemistry 27 (1988) 3947^3955.
[30] R.M. Epand, B.T.C. Leon, Biochemistry 31 (1992) 1559.
[31] H.U. Gally, G. Pluschke, P. Overath, J. Seelig, Biochemistry
18 (1979) 5605^5610.
[32] L.T. Boni, T.P. Stewart, S.W. Hui, J. Membr. Biol. 80 (1984)
91^104.
[33] S.W. Hui, T.P. Stewart, P.L. Yeagle, A.D. Albert, Arch.
Biochem. Biophys. 207 (1981) 227^240.
[34] P.R. Cullis, M.J. Hope, C.P.S. Tilcock, Chem. Phys. Lipids
40 (1986) 127^144.
BBAMEM 77493 30-12-98
M. Langner, S.W. Hui / Biochimica et Biophysica Acta 1415 (1999) 323^330330
